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Abstract  
   This dissertation looks at the provision of a shelter for displaced people in warm 
climates due to natural disasters. The particular focus in on a design project, the 
brief of which is to produce an appropriate shelter system that will be available to 
humanitarian agencies, government departments and international organizations 
involved in the relief efforts after a natural disaster. 
The problems I address in this study are the following: 
 There is currently no specific shelter design that address to people affected 
by floods, typhoons or tsunamis. These disasters are a unique category of 
disasters because they include the element of water during and after the 
hazard has occurred. 
 Current shelter designs are only viable for a short term. After a month, 
current shelters no longer fulfill their purpose. Emergency phase almost in 
every disaster that has occurred lasted more than expected. 
Therefore, the hypothesis is as follows: 
An appropriate shelter design can become an effective response to the temporary 
shelter needs of displaced people due to floods, typhoons or tsunamis. 
The aims of the dissertation are twofold: 
1) To increase the understanding of the importance of shelters, the supply chain 
through which shelters are distributed and the key players who are 
responsible for shelter provision and to present the current sheltering 
system. 
2) To take forward a shelter design that can be used longer than three weeks 
and fulfill affected people’s needs as long as it takes for new houses to be 
built. 
The specific objective of the design project is to design a stand-alone shelter system 
for use in warm climates for countries that are affected from floods, typhoons or 
tsunamis. 
In order to support the design, descriptions are given of the following: 
 The destructions that the specific disasters cause. 
 The context of the contemporary supply chain response and the current 
sheltering strategies. 
 The importance and functions of a shelter in the relief response. 
 A methodology for the development of the new shelter design, which focuses 
on the affected people’s needs that arise in such situations. 
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Chapter 1   Introduction 
   Shelter is an important part of humanitarian aid and plays a significant role in the 
physical and psychological health of affected populations. Shelter and shelter 
maintenance exceeds by far the costs of other sector aid programmes (for example, 
water supply) per capita of recipient population in most emergencies (UNCHS, 1984 
in Manfield, 2000). This chapter explains the reason for undertaking the design 
project and provides an outline of the dissertation. 
1.1   Project Rationale 
   Emergency shelter provision has proved inadequate in disasters such as floods, 
typhoons and tsunamis regarding the living environment and the medium to long-
term use. This dissertation looks at the design of an emergency shelter for people 
affected from these disasters. These three disasters include the element of water, 
which is an important factor for the design of the shelter that has been overlooked 
by the aid community. The importance of this project lays on the fact that these 
disasters occur very frequently in many countries and have terrible results on 
people’s life. Right planning and disaster management can reduce negative impacts. 
Humanitarian agencies and governments of affected countries might get benefited 
from this project.  
   Until now, humanitarian agencies and governments handle the problem of 
sheltering people by distributing pieces of tarpaulin (in order for affected people to 
erect tents) or standardized tents. These tents are a shelter for them during the 
emergency phase which should last two to three weeks. During these weeks 
reconstruction should begin in order for people to move into their rebuilt houses or 
in transitional shelters after the emergency phase. But, here lies the problem. None 
of these two options are implemented because the emergency phase lasts longer 
than expected. So, people remain in their tents. This solution no longer serves 
people’s needs. In contrary, tents become an unhealthy environment. 
So, the problems I address in this study are the following: 
 There is currently no specific shelter design that address to people affected 
by floods, typhoons or tsunamis. These disasters are a unique category of 
disasters because they include the element of water during and after the 
hazard has occurred. 
 Current shelter designs are only viable for a short term. After a month, 
current shelters no longer fulfill their purpose. Emergency phase almost in 
every disaster that has occurred lasted more than expected. 
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Therefore, the hypothesis is as follows: 
An appropriate shelter design can become an effective response to the temporary 
shelter needs of displaced people due to floods, typhoons or tsunamis. 
1.2   Aims and Objectives 
The aim of this dissertation is twofold: 
1) To increase the understanding of the importance of shelters, the supply chain 
through which shelters are distributed and the key players who are 
responsible for shelter provision and to present the current sheltering 
system. 
2) To take forward a shelter design that can be used longer than three weeks 
and fulfill affected people’s needs as long as it takes for new houses to be 
built. 
The specific objective of the design project is to design a stand-alone shelter system 
for use in warm climates for countries that are affected by floods, typhoons or 
tsunamis. 
1.3   Scope  
   This dissertation is only concerned with shelter assistance for persons displaced 
due to natural disasters such as floods, typhoons and tsunamis in warm climates. 
1.4   Outline of dissertation 
   In Chapter 2, the impacts of floods, typhoons and tsunamis are presented. Also, the 
most recent of these disasters are detected. 
   In Chapter 3, the time phases of the disaster response, the key players in the relief 
effort and their partnerships are presented in order to understand who is 
responsible for each phase of the relief operations. In addition, the relief supply 
chain is presented in order to show the importance of good relationships among key 
players, the importance of preparedness and to examine the limitations of the 
supplying system during relief efforts and how these limitations affect the provision 
of shelters.   
   In Chapter 4, the importance of shelter during relief efforts and the functions of 
shelter are examined. Also, shelter operations, common problems concerning 
sheltering, shelter strategies, standards and the current sheltering method are 
presented.  
   In Chapter 5, the methodology for the definition of the brief for the design project 
and the development of the shelter design is analyzed. 
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   In Chapter 6, the design brief is described in detail. The brief is derived from the 
previous methodology. A scenario is formed, needs of affected people are identified 
and guidelines that will lead to the final design are created.  
   In Chapter 7, the concept of the shelter is developed and described.   
   In chapter 8, an evaluation of the design is conducted in order to examine whether 
the design corresponds to the specific scenario. 
   In Chapter 10, conclusions of the design project are presented and areas of future 
research are identified. 
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Chapter 2   Natural disasters- Floods, Typhoons, Tsunamis 
 
   In this chapter, the impacts of floods, typhoons and tsunamis are presented in 
order to examine the impacts of these disasters to the land and to people’s life. Also, 
the most recent of these disasters are detected. 
 
2.1   Introduction 
 
   It is clear that in the previous decade the comprehension of disasters and their 
results has progressed. Because of the ascending social and financial forfeit of 
natural disasters in the third world, the global community (contributors and 
beneficiaries of help) have struggled 1) to amend the quality of disaster relief, 
preparedness and prevention, 2) to enhance our comprehension of natural disasters, 
3) to gauge the dangers coming out of disasters more correctly, and 4) to take 
sufficient preventive measures before disasters occur (UNDRO, 1982). 
 
   Different kinds of disasters have different impacts on land. The common impacts all 
disasters have are destruction, displacement of people and death but in a different 
percentage (UN-HABITAT, 2010). Hydro-meteorological perils such as floods, 
typhoons and tsunamis may leave a lot of land desolate because of a continuous 
flooding. High wind occurrence has comparatively minimal physical effect on land, 
but dislocates great numbers of people and ruins much of their dwellings.  
   Except for the physical repercussions, the social and financial effects of disasters 
are likewise frequently disastrous (UN-HABITAT, 2010). Natural disasters can disunite 
the structure of a family and compel new roles and obligations on remaining people. 
Awareness of shortage of usable land can make people feel insecure and create 
disputes among communities. Disasters may financially seclude communities, 
limiting their access to markets and demanding from them to change their activities 
in order to generate income. 
   Naturel disasters influence in different ways defenseless groups of people such as 
women, children, the elderly and disabled people. The effects of natural disasters on 
affected communities depend mainly on previous decisions and the degree to which 
ways to diminish and alleviate known risks have been found and supported (UN-
HABITAT, 2010). 
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Figure 1. Disaster impacts and resultant land issues (UN-HABITAT, 2010, pp. 17) 
 
2.2   Disasters and disaster impacts 
2.2.1   Floods 
 
   Flood is the most frequent and harmful of natural disasters. The water that cannot 
be contained inside the stream channel streams out over the floodplain. Floods 
occur when ‘streams or waterways overflow their banks and inundate the adjacent 
floodplain’ (Bradford, M. and Carmichael, R.S., 2007). They bring about tremendous 
demolition of property and loss of life. Extensive zones of the floodplain are 
immersed and exposed to moving water, which has huge capability to move objects 
such as buildings and cars. Flood extent hinges on upon the intensiveness, 
continuation, and areal range of rainfall in addition to the state of the land.  
   Floods are created by climatological conditions and part-climatological elements 
(Bradford, M. and Carmichael, R.S., 2007). Climatological conditions incorporate 
substantial rain from tornados, hurricanes and tropical storms, extreme 
thunderstorms and quick snow defrost. Part-climatological elements comprise of 
storms and tides in inshore zones.  
   Flood magnifying factors involve fixed basin features such as surface area, shape, 
inclination and altitude and variable basin features that involve water-storage limit, 
soil filtration rates, permeability of the soil and bedrock and range of lakes and 
wetlands (Bradford, M. and Carmichael, R.S., 2007). Canal features such as 
inclination, length, shape and harshness may magnify floods.  
   From all the natural perils on the planet, floods possess the first place in the 
number of fatalities. Approximately half of all fatalities due to natural disasters are 
credited to flooding (Bradford, M. and Carmichael, R.S., 2007). River valleys attract 
people because of water supply, waste disposal and cultivable, flat terrain. But, 
these are the lands that are the most vulnerable to floods. In industrialized societies, 
damages due to floods have the tendency to be more in terms of property casualty 
and less in fatalities. This occurs because they have the means to observe the flood, 
warn people timely and evacuate an area whenever it is needed (Bradford, M. and 
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Carmichael, R.S., 2007). In opposition to industrialized countries, developing 
countries, which tend to be overpopulated, undergo through great loss of life. This 
occurs because there is no or little pre-disaster planning and disaster relief efforts 
are not well organized (Bradford, M. and Carmichael, R.S., 2007).  
   The water, flooding the stream channels, flood land that has buildings, roads, 
equipment and phone and current lines that do not work underwater (Bradford, M. 
and Carmichael, R.S., 2007). Also, the high speed of flood waters has the power to 
relocate ruins such as parts of buildings, which harm different structures in its way 
and are later discarded in places where they aggravate the already difficult situation 
(Bradford, M. and Carmichael, R.S., 2007). 
   Loss of human life is the worst impact of floods. Other types of damage involve loss 
of domesticated animals in provincial territories, devastation of cultivations, 
buildings, cars, storing facilities and soil corrosion by the rapidly running water 
(Bradford, M. and Carmichael, R.S., 2007). 
 
 
2.2.2   Hurricanes, Typhoons, and Cyclones 
 
   Hurricanes, typhoons and cyclones are storms formed over tropical oceans. A 
single storm can cover hundreds of thousands of square miles and has interior winds 
of from 74 to over 155 miles per hour (Bradford, M. and Carmichael, R.S., 2007).  
 
   Hurricanes develop in particular zone of the west Atlantic, east Pacific, south 
Pacific, western north Pacific, and north and south Indian Oceans. In the Northern 
Hemisphere, hurricanes are common from June through November, in the Southern 
Hemisphere, the hurricane season occurs from December to May (Bradford, M. and 
Carmichael, R.S., 2007).  
 
   In the Western Hemisphere, these storms are called hurricanes, in the Indian 
Ocean and the Philippines they are called typhoons and in the western Pacific they 
are called cyclones (Bradford, M. and Carmichael, R.S., 2007). The swirling 
movement of these storms is counterclockwise in the Northern Hemisphere and 
clockwise in the Southern Hemisphere.  
 
   Hurricanes are reputed to be the greatest storms on earth and damage goes 
beyond wind damage, as storm surges and resulting inundation have caused a 
number of the most amazing natural disasters in the planet. The cause of damage 
and death in a hurricane comes from the ascent of the ocean in a storm surge 
(Bradford, M. and Carmichael, R.S., 2007). As the hurricane moves to the shore, the 
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water level may rise up 15 to 20 feet. The storm surge is caused when the 
atmospheric pressure drops at sea level within the hurricane. The energy of the 
decreased pressure permits the hurricane to wipe up the oceans and to permit the 
winds in front of it to accumulate the water against the shore. A wall of water is 
created that may have a height of 20 feet and width of 50 to 100 miles (Bradford, M. 
and Carmichael, R.S., 2007). This wall of water can wipe out the coast. The strong 
winds and the shallow shore water create the strongest surge of water. Water 
weighs more than 2.500kg per ton and when lifted to any great height its weight can 
be exceptionally damaging (Bradford, M. and Carmichael, R.S., 2007).  
 
   The thrashing of the waves initiated by the storm can effortlessly wreck buildings 
and kill many people. Storm surges can cause extreme disintegration of shores and 
waterfront roadways. Frequently, structures that have survived these storm winds 
have had their foundations disintegrated by the surge or have been wrecked by the 
energy of the waves (Bradford, M. and Carmichael, R.S., 2007). The salt water that 
submerges land can destroy existing vegetation, and the remaining salt left in the 
ground makes it challenging to cultivate new plants (Bradford, M. and Carmichael, 
R.S., 2007). The wind velocity can rise and decline quickly. The wind load and the 
shifting wind velocity can produce enough stress to cause building to fall (Bradford, 
M. and Carmichael, R.S., 2007). The top can be torn away of the house and windows 
can break. Rain driven by the wind additionally helps an escalation of pressure on 
buildings and can cause much damage (Bradford, M. and Carmichael, R.S., 2007). 
Volant debris can be tossed at a building with enough power to enter through 
windows, walls or even the roof. There are impacts, also, in cultivations. But, the 
worst impact of the wind and the flying debris is the loss of people’s lives. 
 
 
2.2.3   Tsunamis 
 
   A tsunami is a sea wave, or a sequence of sea waves, of gigantic power produced, 
usually, from undersea land disruptions, mainly earthquakes. The waves can move 
many miles from their starting place to an island or a coast and this is the reason 
that they can cause great loss of life and huge physical destruction to the natural and 
manmade environment (Bradford, M. and Carmichael, R.S., 2007). 
In spite of the fact that tsunamis can occur in any ocean of the planet, most tsunamis 
are detected in the Pacific Ocean and that because this area has significant seismic 
movement (Bradford, M. and Carmichael, R.S., 2007). Fewer tsunamis are found in 
the Atlantic Ocean. 
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 Tsunamis are produced by any disruption under the sea's surface that causes big 
displacements in the seawater (Bradford, M. and Carmichael, R.S. 2007). Tsunamis 
can be created by seismic tremors and volcanic eruptions on the ocean bottom. 
Most tsunamis are created by seismic tremors. Since water cannot be compressed, 
the disruption will push upwards or downwards, the whole section of water above 
the disrupted area (Bradford, M. and Carmichael, R.S., 2007). This area may measure 
many square meters. Waves formulate later as gravity pulls the tremendous amount 
of water downwards to its position of balance.  
  
   Tsunamis cause destruction either by flooding and utilizing the wave's power 
against buildings. A tsunami can effortlessly increase the water level from 18 to 28 
meters above ordinary height and extend several meters towards the inner land 
(Bradford, M. and Carmichael, R.S., 2007). This, results in the subsequently flooding 
of large areas. Tsunami waves can cause huge ecological destruction by removing 
sand from the coastline, damaging the cultivations and killing creatures. They 
produce great power against anything with which they come into contact. A tsunami 
wave can effortlessly demolish structures or eradicate them. Severe ecological and 
property destruction are not the only impacts. Tsunamis cause substantial 
infrastructure devastation that can undermine public health and delay the relief 
efforts (Bradford, M. and Carmichael, R.S., 2007). In addition, inundation causes 
pollution in the water supplies. A tsunami's worst impact, in any case, is the loss of 
human life.  Loss of life is mostly cause due to drowning (Bradford, M. and 
Carmichael, R.S., 2007). 
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2.3   Recent floods, typhoons and tsunamis 
 On October 29, 1999, a cyclone struck Orissa, a state on India’s eastern coast. It 
was the deadliest Indian storm since 1071, killing 10.000 people. This came after 
a severe flooding in August and a cyclone just a few days earlier. The emergency 
phase lasted for three months. (Habitat for Humanity International, 2012, pp. 
31) 
 Devastating flooding in Thailand in 2001 affected more than 13 million people. 
Sixty-five of Thailand’s 77 provinces were declared flood disaster zones. The 
emergency phase lasted for over three months. (Habitat for Humanity 
International, 2012, pp. 89) 
 Torrential rains that began on January 29, 2002, continued for days, causing 
widespread flooding in greater Jakarta, Indonesia’s capital, and surrounding 
municipalities. Flooding is an annual problem in Jakarta and the city of 12 million 
people ground to a halt as major thoroughfares were blocked, and shops, 
schools and factories closed. At the peak of the flooding, about a quarter of 
Jakarta was under water. The emergency phase lasted over two months. 
(Habitat for Humanity International, 2012, pp. 33) 
 On December 26, 2004, a massive tsunami wave caused by an undersea 9.0- 
magnitude earthquake struck 160 kilometers north of Simeulue Island, 
Indonesia. An estimated 167.500 people were killed and 140.000 homes were 
destroyed. The reconstruction phase lasted three years. (Habitat for Humanity 
International, 2012, pp. 43 ) 
 Cyclone Sidr struck Bangladesh’s southern coastline on November 15, 2007. Sidr 
killed more than 3.000 people and affected more than 8 million people. Entire 
villages were swept away. Earlier in 2007, Bangladesh was struck by severe 
flooding. The emergency phase lasted four months. (Habitat for Humanity 
International, 2012, pp. 53) 
 Cyclone Nargis struck on May 2, 2008 and devastated areas of Myanmar. It is 
considered the worst disaster to hit Myanmar. About 145.000 people were killed 
and more than 50.000 people were listed as missing. Hundreds of remote 
villages were affected. The reconstruction phase lasted three years. (Habitat for 
Humanity International, 2012, pp. 57)  
 In 2009 the Philippines experienced its worst Pacific typhoon season in decades. 
The deadliest of the typhoons occurred within a month of one another when 
typhoons Ketsana, Parma and Mirinae struck in quick succession causing great 
landfalls. The Philippines is the most active in the world in tropical cyclones and 
has the most intense storms globally. The reconstruction phase lasted a year. 
(Habitat for Humanity International, 2012, pp. 69) 
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 Monsoons in August 2008 caused large-scale flooding in Nepal. More than 3.000 
homes were destroyed and 22.000 families were affected.  The reconstruction 
phase lasted two years.  (Habitat for Humanity International, 2012, pp. 59) 
 On August 6, 2010, unprecedented rainfall deluged Leh district in India. Eleven 
centimeters of rain fell in just two hours- more than ten times the average 
rainfall of the region in a month. The rain created flash floods and mudslides, 
leading to extensive damages of homes and communication lines. The 
reconstruction phase began after eight months. (Habitat for Humanity 
International, 2012, pp. 95) 
 One-third of Assam’s population in India was affected or displaced by sudden 
flooding in the summer of 2011. More than 1.000 villages in 12 of Assam’s 27 
districts were devastated by the flooding and more than 400.000 hectares of 
agricultural land destroyed, posing a severe threat to livelihoods and the 
economy. The floodwater damaged 17 bridges and disrupted national highways 
and link roads, halting transportation and communication systems for more than 
five days. Emergency shelter kits were used to make transitional shelters. No 
permanent house was built because of the lack of resources.  (Habitat for 
Humanity International, 2012, pp. 91) 
 On December 16, 2011, Tropical Storm Washi devastated the central and 
southern islands of the Philippines, causing flash floods and landslides. Washi 
swept entire villages out to the sea and released more than 181mm on rainfall in 
24 hours, equivalent to more than a month rainfall. The emergency phase lasted 
over three months. (Habitat for Humanity International, 2012, pp. 99) 
 A 9.0 magnitude earthquake struck off the east coast of Japan on March 11 
2012, resulting in aftershocks and a tsunami that destroyed homes and killed 
thousands of people. The emergency phase lasted over 6 months. (Habitat for 
Humanity International, 2012, pp. 97) 
 On November 8, 2013 Typhoon Haiyan—known as Typhoon Yolanda in the 
Philippines—made landfall in the central Philippines, bringing strong winds and 
heavy rains that have resulted in flooding, landslides, and widespread damage. 
(usaid, 2013)  
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Chapter 3   Relief Operations 
   In this chapter, the key players in the relief effort and their partnerships are 
presented in order to understand who is responsible for each phase of the relief 
operation. Also, the time phases of the disaster response and the supply chain 
planning are presented in order to present the importance of preparedness, the 
importance of good relationships among key players and in order to examine the 
limitations of the supplying system during the relief efforts and how these 
limitations affect the distribution of shelters.  
3.1   Introduction 
 
   Over the previous decade, coordinated endeavors have brought about a noticeable 
improvement on how the global community should handle the impacts of natural 
disasters (Manfield, 2000). The Sphere Project was developed in 1997, in order for 
humanitarian organizations to cooperate and create guidelines for minimum 
standards for all categories of humanitarian aid (The Sphere Project, 2011). 
Relationships are formed among governments, Ngos, the IFRC, Un offices, military 
units, and private business firms (Manfield, 2000). 
3.2   Key Players 
   After natural disasters, aid derives from organizations from the inside of the 
affected countries and from neighboring countries (Manfield, 2000). This aid usually 
comes in the exact moment after the disaster has occurred and before international 
aid agencies have been coordinated (Manfield, 2000). Outside governments, may 
also get involved in the assistance, especially if the population has to be relocated. 
Also, the military takes place in the relief efforts some times (Manfield, 2000). 
   The remaining players are the UN, the Red Cross movement and a great number of 
national and international Non-Governmental Organizations (Ngos). All these 
organizations constitute the aid community (Manfield, 2000). 
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Figure 2  Sources of Relief- The major players in the aid community (Davis,J. and Lambert, R. in 
Manfield, 2000, pp.15) 
   ‘The IFRC is the biggest organization that offers humanitarian aid without 
discrimination as to nationality, race, religious beliefs, class or political opinions’). 
Established in 1919, the International Federation includes 186 Red Cross and Red 
Crescent communities, a Secretariat in Geneva, and more than 60 agencies 
strategically placed in order to assist operations all over the world’ (Kovacs, G. and 
Spens, M., 2012, pp.11). 
IFRC work is guided by seven fundamental principles (Kovacs, G. and Spens, M., 
2012, pp.11), as shown in Table 1. 
 
Table 1.  The seven fundamental principles of IFRC work  
   The Office of the United Nations Disaster Relief Coordinator (UNDRO) was created 
in 1972. Since then, it has striven to help nations in their battle against natural 
disasters through a specific policy:  through international disaster relief cooperation 
and, furthermore through pre-disaster preparation so as to moderate the risks and 
negative results of disasters (United Nations, 1982).  
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Other NGOs involved are:  Care (Cooperative for Assistance and Relief Everywhere), 
MSF, Habitat for Humanity, UN-Habitat, Oxfam, OCHA, DART, IRC and Shelter Centre 
(United Nations Office for the Coordination of Humanitarian Affairs, 2008). UNHCR 
mostly gets involved in situations where there are refugees because of political 
turbulence (United Nations Office for the Coordination of Humanitarian Affairs, 
2008). 
3.3   Time phases of disaster response 
   Normally, emergency response follows a quite coherent design: in the first phase, 
normally enduring a couple of days up to 2 or 3 weeks, action is heightened. Vital 
response such as life preservation normally dominates. In this phase, food and non-
food items and shelters are distributed. The intensity then drops into phases 2 and 3 
in which long-term operations such as reconstruction takes place (Kovacs, G. and 
Spens, M., 2012). 
‘The following time phases are used, although it is recognized that they will vary 
according to the local conditions and type of disasters (UNDRO, 1982, pp.2): 
Phase 0 - Pre-disaster phase 
Phase 1 – Immediate relief period (impact to day 5) 
Phase 2 – Rehabilitation period (day 5 to 3 months) 
Phase 3 – Reconstruction period (3 months onward)’ 
 
Figure 3. Generic timeline of disaster response phases (Petit and Beresford, 2005 in Kovacs, G. and 
Spens, M., 2012, pp.47) 
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3.4   The management cycle 
   The management cycle for disasters comprises of three key components: 
preparedness, response, and recovery. Kovacs and Spens (2007, pp. 101 in Kovacs 
and Spens, 2012, pp. 13) ‘outline three similar elements, observing that different 
operations can be distinguished in the times before a disaster strikes (the 
preparation phase), instantly after a disaster (the immediate response phase) and in 
the aftermath of a natural disaster (the reconstruction phase).’ 
   The preparation stage is the stage where there may be the biggest chance for 
relationship building. This is a period when Ngos and other organizations could 
concentrate on their relative capacities and detect ways to supplement one another 
(The Sphere Project, 1997; Kovacs and Spens, 2012). Either on a national or an 
international ground, the focal point is on who has access to what aspects of the 
supply chain (Kovacs and Spens, 2012). These aspects incorporate transportation 
efficiency, storage capability, prepositioned stocks, suppliers of basic material, 
interchanges engineering, suppliers of essential materials, technology for 
communications, and staff with expertise. 
 
3.5   The context of supply chain and humanitarian logistics 
   Supply chain management and logistics are crucial to successful distribution of 
humanitarian relief (Kovacs and Spens, 2012).  Supply chain coordination among 
different organizations that offer aid and help as many people as possible is 
required. Humanitarian logisticians have to encounter big challenges in cooperation 
and management of the relief effort. Cooperation and management of numerous 
organizations, suppliers, and local or neighboring governments, which all have their 
own particular methods for working and own policies, could be exceptionally difficult 
(Kovacs and Spens, 2012).   
   ‘In humanitarian logistics, actors are generally not-profit organizations’ (Kovacs and 
Spens, 2012, pp. 3). The environments they face are interrupted. Interrupted 
environments are defined by an absence of constancy, big intricacy, and 
extraordinary challenges in suiting manifold sources of supply with changing 
beneficiary demand (Kovacs and Spens, 2012).  
   There are two important categories of supply chain risk. The first category is the 
issues that may appear in the coordination of supply and request (Kovacs and Spens, 
2012). The second category is the interruptions that may occur to usual operations 
(Kovacs and Spens, 2012). Humanitarian relief efforts usually confront many risk 
events at the same time, such as the risk that may exist due to the physical 
geography and impede the accessibility as well as different political and 
infrastructural arguments that may adversely influence the relief efforts.  
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3.6   Relief supply chain planning 
   Responsiveness is the basic issue for relief supply chain as help must reach its 
destination as soon as possible and in the right form to help disaster affected people 
(Kovacs and Spens, 2012). The goal of relief supply chain is to create a customized 
supply channel that can address to a specific emergency or natural disaster. The 
main element of the supply channel is transport. Cargo transport is a key element 
that guides the form of the relief supply most times (Kovacs and Spens, 2012).  Many 
different transport approaches are expected to be used so that aid will arrive at the 
emergency location quickly.  
   Throughout the first stages succeeding any disaster, the actor playing a critical role 
is the related government, at first initiating the military and as the condition start to 
balance so the significance of military aid decreases (Kovacs and Spens, 2012). 
Afterwards, Ngos are in charge, usually guiding certain parts of the relief operations. 
Military contribution in the early phases of a crisis is generally quite significant 
because of the ability of military agencies to address quickly to crucial needs.  
   When an emergency exists, the need for first aid, shelters and food is direct and 
continuous. Relief supply chain developers should first evaluate different 
characteristics of the disaster affected area (Kovacs and Spens, 2012). Especially in 
landlocked nations, the neighboring countries should do this also, in order to help as 
much as possible to the distribution of aid. In the beginning, an appropriate primary 
station is required to be selected (Kovacs and Spens, 2012). The route from this 
station to the disaster affected region needs to be examined and evaluated. 
Additionally, the political condition, the physical geography and the climate 
conditions must be considered (Kovacs and Spens, 2012). All these elements affect 
the decision of the relief path and approach by which assistance will be transferred. 
In addition, an appropriate storage location for assistance must be found in the area 
where the distribution will take place, in order to obtain a continuous supply of aid 
during all phases of the relief efforts (Kovacs and Spens, 2012). After the station, the 
path and the storage location have been found and the relief channel is adequately 
indicated, different paths can be discovered if there should be an occurrence of 
obstacles and inconveniences in the standard relief channel (Kovacs and Spens, 
2012).  
   In relief supply chain response planning, the absolute objective is to create a supply 
chain channel that is customized to correspond to a specific emergency, and which 
must have the capacity to decrease expenses in long terms (Kovacs and Spens, 
2012). The primary aim of relief supply chain is to have the supply chain 
response working correctly and as fast as it can and to be as strong as the situation 
demands so as discontinuations in supply do not exist.  
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   A great benefit for any assisting organization in emergency situations is the careful 
thought and preplanning of such situations in order for them to be prepared to act 
accordingly (Kovacs and Spens, 2012). In a location that is vulnerable due to natural 
disasters, it is useful to have supplies required at the beginning of a crisis close-by.  
   The possibility to acquire or purchase food without much effort from a close-by 
area or country is valuable at the beginning of an emergency. Aid organizations can 
pre-plan these arrangements with countries which are vulnerable due to natural 
disasters before any crisis occurs, thus shortening the period needed to transfer the 
primary supplies (Kovacs and Spens, 2012).  
   It is also helpful for aid organizations to pay attention to the infrastructure of the 
affected areas and try to improve it in order to lessen expenses and time delay. 
Although preplanned arrangements can enhance assistance and decrease expenses, 
it appears that such arrangements will add different costs such as stocktaking and 
storage (Kovacs and Spens, 2012).  
   Nevertheless, it should be emphasized that emergency situations are not fixed as 
the situation is continually changing and evolving (Kovacs and Spens, 2012). The 
aftereffect of this fact is that previous relief supply chain operations and efficient 
paths, methods, may not be the best choice under the current conditions. So, it is of 
great significance that relief supply chain developers adopt a resilient planning 
approach in order to be prepared for different situations (Kovacs and Spens, 2012). 
In addition, having correct information about the type of the disaster, its degree, the 
amount of affected people and the amount and kind of stuff required are essential 
for effective relief response (Kovacs and Spens, 2012). 
3.6.1   Challenges of accessing disaster areas 
   Recent natural disasters have stressed the significance of humanitarian logistics. 
Petite and Beresford (2005 in Kovacs and Spens, 2012, pp. 46) emphasize that one of 
the worst problems concerning the planet is the vulnerability of countries in relation 
to natural disasters. In spite of the fact that new technology is used to foresee 
natural disasters, they are still, sometimes, unpredictable. They may occur with little 
or no warning. Consequently, they cause great harm because of their sudden impact 
and the fact that people are not prepared for them. So, these who are responsible 
for the relief operations have to focus to preparedness and response as well (Kovacs 
and Spens, 2012).  
   There are many challenges that may appear during a relief operation. Pettit and 
Beresford claim (2005 in Kovacs and Spens, 2012, pp. 46)  that one of these is how to 
enter areas of disaster which are landlocked and which make the logistics of the 
response operation more complicated as a neighboring state is required to be 
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involved for transit. Jennings et al. (2002 in Kovacs and Spens, 2012, pp. 46) state 
that in the case of disasters in landlocked areas, distance, inaccessibility and difficult 
terrain form the main challenges. An alternative group of issues emerge when a 
country, faced with the impacts of a natural disaster, is incapable either because of 
absence of internal capacity, or because the disaster has made the authorities 
incapable to respond in any significant way, incapable to give the required 
assistance. In such cases dependence on other countries is necessary (Kovacs and 
Spens, 2012).  
3.6.2   Ways of accessing disaster areas  
   In the early phases of a crisis, it is broadly admitted that the best way regarding 
speed and security for delivering aid is air transport (McClintock, 1997, Jennings et 
al. 2002, Brazier, 2009, in Kovacs and Spens, 2012, pp. 46 ). The most cost-effective 
use of air transport for emergencies is the air drop method (Kovacs and Spens, 
2012). This method bypasses the need for runways, which are regularly not 
accessible or are inadequately preserved or even if they are accessible, they are 
short, thus restricting the size of aircraft that can transfer the aid.  
Road transport is adaptable, flexible, and generally economical for short distances 
and the needed infrastructure is typically available in most countries (Kovacs and 
Spens, 2012). Thus roads can usually provide a door-to- door service. Roads can also 
transport almost anything anywhere and at any time (Fawcett et al., 1992 in Kovacs 
and Spens, 2012, pp. 46 ). Road transport has the extra benefit that there are usually 
local operators, and it is relatively simple for an aid organization to gather and 
coordinate a group of trucks and to send them where the need emerges (Mcclintock, 
1997 in Kovacs and Spens, 2012, pp. 46 ). 
   Street transport, in any case, does have disadvantages as trucks are vulnerable to 
poor climate conditions and the available infrastructure may not be of a proper 
quality (Long and Wood 1995, Jennings et al. 2002 in Kovacs and Spens, 2012, pp. 
46). In floods and earthquakes streets can be susceptible to surface damage or 
bridge and tunnel destruction (Kovacs and Spens, 2012).  
   Rail can carry large amounts of cargo over long distances but it is dependent on a 
network which rarely offers a door-to-door service. This implies that road transport 
is required first and rail is utilized last (Jennings et al., 2002 in Kovacs and Spens, 
2012, pp. 46 ). The biggest disadvantages of rail transport are its fundamental 
inflexibility, its inadequacy of adapting to the needs and the fundamental absence of 
route network. It can also be vulnerable to flooding and landslides.  
   Waterways are able to provide great volumes of supplies. However their 
positioning rarely leads straightforwardly to the emergency area (Kovacs and Spens, 
2012). They are also frequently divided by areas of waterfalls. As an outcome, 
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waterways are normally utilized as a part of multimodal solutions rather than the 
fundamental strategy within humanitarian logistics chains (Kovacs and Spens, 2012). 
 
 
 
 
 
 
 
 
 
Support needed as Philippine Red Cross Society steps up typhoon relief operations 
(2011) 
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Chapter 4   Shelter 
   In this Chapter, the importance of shelter during relief efforts and the functions of 
shelter are examined. Also, shelter operations, common problems concerning 
sheltering, shelter strategies, standards and current sheltering method are 
presented.  
4.1   Introduction 
   Relief management in the fields of medicine, health, and nutrition has substantially 
advanced over the last years (UNDRO, 1982). The result of the experience gained 
from natural disasters is starting to show. Still, there exists one specific area in which 
too little improvement has been made, and in which numerous conventional and out 
of date strategies are implemented. This sector is the emergency shelter and shelter 
after disaster in a more general sense (UNDRO, 1982). Maybe the basis of the 
problem lies in the fact that housing is one of the most complex and unmanageable 
issues of development and also it is an issue upon which everybody has his personal 
opinion, thus causing much perplexity between objective and subjective appraisals. 
The least comprehended of all subjects is that a house is the result of a long chain of 
political, economic, social, environmental, technological and other interactions 
(UNDRO, 1982).  
4.2   Definition of shelter 
   UN-HABITAT (2010, pp.51) defines the Emergency shelter as ‘protection from wind, 
rain, freezing temperatures and direct sunlight are minimum requirements. The 
minimum shelter area is 3.5m2/person and the minimum total site area is 
30.0m2/person’. 
 
4.3   The importance of shelter 
   Shelter is a crucial element for survival in the early phases of a disaster. Except for 
survival, shelter is important for providing security, sustaining dignity, protecting 
from the environment and enhancing the protection against diseases (The Sphere 
Project, 2011). Also, it is critical for human dignity, to support family and community 
life and to enable affected communities to recover from the impacts of the disaster 
(The Sphere Project, 2011).  
   Thermal comfort, protection from the impacts of the climate and personal safety 
and dignity are attained by meeting a combination of needs at the level of the 
individuals themselves, the covered space they possess and the area in which their 
covered space is located (The Sphere Project, 2011).  
 
 
32 
 
   The determination of shelter needs of people affected by a disaster depend on the 
sort and scale of the disaster and the degree to which the population is displaced. 
The response depends on the capability and the willingness of uprooted populations 
to return to the site of their original residence and to begin the recovery process 
(The Sphere Project, 2011). Where people are incapable or reluctant to return, they 
will need temporary or transitional shelter and settlement solutions. The Sphere 
Project (2011, pp.244) states that the local context of the disaster will inform the 
response about the local climatic and environmental conditions, the political and 
security condition, whether the affected zone is rural or urban and the capability of 
the affected population to contribute to meeting their shelter needs. It, also, 
recognizes that in extreme climate conditions, where shelter may be crucial for 
survival or, as a consequence of displacement, the affected people are unable to 
build suitable shelter, rapidly deployable shelter solutions will be needed or 
temporary accommodation provided in existing public buildings (The Sphere Project, 
2011, pp.246).  
 
   Shelter responses may enable affected people to gradually upgrade or make the 
transition from emergency to durable housing solutions. Consideration of the 
environmental impact of settlement solutions and shelter erection is also crucial for 
minimizing the long-term effect of a disaster (The Sphere Project, 2011, pp.246). 
 
   To guarantee that basic principles will be followed in shelter programs and to 
cultivate responsibility, all disaster response operations should be carried out in 
compliance with provisions in international principles. Such principles are stated in 
the Code of Conduct for the International Red Cross/red Crescent Movement and 
Ngo's in Disaster Relief, the Humanitarian Chapter and Minimum Standards in 
Humanitarian Response (SHPERE).  
More effective shelter disaster response is attained through better preparedness. 
Such preparedness is the outcome of the capabilities, relationships and information 
processed by governments, humanitarian agencies, local organisations, communities 
and individuals to foresee and react effectively to the impact of the impeding or 
current disaster (The Sphere Project, 2011, pp.246; Kovacs and Spens, 2012, pp. 13). 
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4.4   Functions of shelter 
‘Emergency shelter serves several functional functions (UNDRO, 1982, pp.8):  
 Security against cold, heat, wind, rain  
 Storage of belongings and protection of property 
 The establishment of a staging point for future action (action such as salvage 
and reconstruction) 
 Emotional security and the need for privacy 
 An address for the receipt of services (services such as medical aid and food 
distribution)  
 Accommodation for families who have been temporarily relocated ‘ 
 
4.5   Shelter response 
   The shelter response after a disaster is comprehended as a continuous process, 
where all the various parts are interrelating and can be processed at the same time. 
The first who responses to a disaster is the affected population. After humanitarian 
agencies are mobilized and organized people get support from the government and 
these agencies. The government and the agencies are gone through a process that 
includes all the different parts: Emergency, recovery and development. This is not a 
successive process of one after the other. It is a continuous process where every 
stage contains the past one. Recovery begins on the very first moment after a 
disaster. This shelter process takes a disaster-affected family from disaster 
homelessness to a durable and long-lasting solution, in a period of time that can last 
from a couple of weeks to several years. 
 
Figure 4.  Shelter Response continuum (IFRC) 
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4.5.1 Shelter operations given by IFRC 
 Need Assessments 
 Programming and Coordination 
 Implementation 
 Monitoring and Evaluation 
 
4.5.2 The importance of the need assessment 
   The precise evaluation of survivors' needs is more critical than a thorough appraisal 
of damage to houses and land. Incomplete or imprecise evaluations of human needs 
by supporting groups have been a constant reason for past failure of relief 
operations (UNDRO, 1982, pp.3) 
   UNDRO (1982, pp.17) states that ‘information needed immediately after the 
impact of a disaster is:  
1) The approximate number of housing units that have been destroyed. 
2) The approximate number of housing units that are too severely damaged 
(and in danger of collapse) to provide safe shelter. 
3) An assessment of exposure to climate and weather. 
4) The capability of the community’s social ‘coping mechanisms’ to provide 
emergency shelter, i.e. how many survivors can be housed by family or 
friends, or find refuge in public buildings, etc. 
5) The feasibility and likelihood of survivors fashioning their own emergency 
shelter from salvaged materials. 
6) The proportion of survivors that have access to emergency shelter provided 
by the authorities and assisting groups within the first 24 to 48 hours. 
7) The most appropriate and accessible emergency shelter types available (if 
any) for survivors without shelter. 
8) Accessibility to the disaster sites. 
9) The risks of secondary disasters that may influence shelter needs (e.g. fire, 
after shocks, landslides etc.) 
10) The manpower at the disaster site, capable of assisting in erecting emergency 
shelter’ 
 
4.6   Common problems 
4.6.1   Timing  
   Timing of the delivery of emergency shelter is significant, for its use is bound to the 
real emergency phase, which may last only a few days (UNDRO, 1982). Late delivery 
35 
 
may really obstruct the recovery of the housing restoration and rebuilding. Because 
of the logistical difficulty of transporting, distributing and assembling imported 
emergency shelters within the critical first days of the emergency phase, such shelter 
rarely plays a critical role (UNDRO, 1982). Besides, the evidence indicates that 
survivors have the ingenuity to manage their emergency needs, at least for a short 
period (UNDRO, 1982). Lastly, it should not be disregarded that the relief and 
reconstruction phases often begin at the same time, which indicates the need for 
new and less traditional methods to emergency provision after disaster.  
4.6.2   Standardization  
   Relief organisations usually standardize the size or design their emergency shelters 
for ease of manufacturing and packaging. Yet, this approach oversimplifies the issue. 
UNDRO (1982, pp.25) believes that ‘the notion of a "generic or standard shelter" is 
not possible since it overlooks:  
• The high cost and poor efficacy of the structure in the disaster affected 
area.  
• Its potential harmful social outcomes.  
• The need to include disaster survivors in fulfilling their own particular 
shelter needs.  
• Climatic varieties.  
• Variations in social principles and house forms.  
• Variations in family size.  
• The need of families to earn their livelihood in their houses.  
• Local capability to extemporize shelter.  
• The difficulties of getting suitable land effortlessly on which to build the 
shelters.  
• The logistical issue of transporting and distributing such shelters in time 
for the crisis period.  
• Problems of suitable technology: assembly, skills, materials etc.’ 
 
 4.6.3   Indigenous emergency shelters  
   Lately, many helping groups have tried to create standard emergency shelters, 
utilizing indigenous materials designed in such way that the performance of the 
structure would be upgraded. These projects have presented little success. Their rate 
of failure appears tied to the shortage of areas and services, and the expenses and 
challenges of long term maintenance (UNDRO, 1982). 
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4.7   Shelter strategies 
   UNDRO (1982, pp.26) states that ‘there are eight basic types of post-disaster 
shelter provision: 
 Tents 
 Imported designs and units 
 Standard designs made from indigenous materials 
 Temporary housing 
 The distribution of materials 
 Core housing 
 Hazard-resistant housing 
 Accelerating reconstruction of permanent housing’ 
 
4.7.1   Shelter solutions, materials and construction  
   ‘Defined shelter solutions such as family tents, shelter kits, packages of materials or 
prefabricated buildings should be provided where other post-disaster shelter options 
are not available, are inadequate or cannot be sustainably supported by the local 
natural environment’ (The Sphere Project, 2011, pp.260). 
4.7.2   Current sheltering methods   
   Until now, agencies have supported self-build programmes with distributions of 
tools and construction materials (Manfield, P. 2000). ‘Material distributions typically 
include reinforced plastic sheeting for temporary roofing and a structural system 
from locally available materials such as timber’ (OXFAM, 2012, pp.2). ‘Where there is 
adequate funding, canvas tents are provided’ (Manfield, P., pp.24). Oxfam (2012) 
notes that tents are stockpiled in small quantities by donor countries, by 
governments in vulnerable regions, by the military and by agencies such as the Red 
Cross Societies. Their usefulness is generally limited to the initial phases of an 
emergency, due to their small size and the limited potential for adaptation or 
expansion during later phases of assistance. 
   According to UNDRO (1982, pp.27) ‘tents are considered the most preferable form 
of emergency shelter due to the following characteristics: 
 They are relatively lightweight, compact and east to transport 
 They can be erected rapidly and easily 
 They are a form of disaster shelter that is easily stockpiled by donor countries 
and relief agencies in readiness for the potential demand’ 
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   Except for advantages, tents have also disadvantages. The durability of canvas is 
insubstantial beyond a short term. ‘Canvas degrades quickly when exposed to damp 
conditions over prolonged periods and from exposure to high levels of UV radiation’ 
(Manfield, P., pp.25). 
   Until now, other forms of sheltering are not preferred due to the fact that they 
cost more than a tent. But, Good suggests that tents made from local materials 
might even be procured for emergency shelter, although it is worth noting that if 
there is adequate lead time to produce tailored tents, it is also likely that there is 
time and money to find more durable, if not more permanent shelter options (First 
International Emergency Settlement Conference, 1996, topic 13 pp.1 in Manfield, P., 
pp.25). 
 
4.8   Basic standards 
   The basic standards for shelter are a realist expression of the common point of 
views and duties of humanitarian organisations and the mutual standards, rights and 
obligations controlling humanitarian activity that are described in the Humanitarian 
Charter. Based on the principal of humanism, and revealed in international law, 
these standards incorporate the right to life and dignity, the right to protection and 
security and the right to get humanitarian assistance on the basis of need.  
   As stated in the Sphere Project (2011, pp.243) ‘everybody has the right to sufficient 
housing. This includes the right to live in security, peace and dignity, with security of 
residency, as well as protection from constrained eviction and the right to 
restitution. These principles characterize satisfactory housing as reserving:  
• sufficient space and security from cold, damp, heat, rain, wind or other 
threats to health, including structural perils and disease vectors  
• the availability of services, facilities, materials and infrastructure  
• affordability, habitability, accessibility, location and cultural 
appropriateness  
• sustainable access to natural and common resources such as safe drinking 
water, energy for cooking, heating, lighting, sanitation and washing 
facilities,  means of food storage, refuge disposal, site drainage and 
emergency services 
• the proper siting of settlements and housing that will contribute to safe 
access to medicinal services administrations, schools, childcare centers 
and other social offices and to job opportunities’  
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4.8.1   Shelter and settlement standards: Covered living space (The Sphere Project, 
2011, pp.258) 
   ‘Individuals have sufficient secured living space providing thermal comfort, fresh 
air and protection from the climate guaranteeing their privacy, security and health 
and allowing crucial family and livelihood activities to take place’(The Sphere Project, 
2011, pp.258).  
   ‘All affected individuals have an initial minimum covered floor area of 3.5m2 for 
every individual. All shelter solutions and materials meet agreed technical and 
performance standards and are culturally acceptable’(The Sphere Project, 2011, 
pp.258).  
4.8.2   Standards concerning climate and context (The Sphere Project, 2011, pp.258) 
   In urban settings, household activities typically occur within the covered area as 
there is usually less adjacent external space that can be used. A covered floor area in 
excess of 3.5m2 per person will often be required to meet these considerations. The 
floor-to-ceiling height is also a key factor, with greater height being preferable in hot 
and humid climates to aid air circulation, while a lower height is preferable in cold 
climates to minimise the internal volume that requires heating. The internal floor-to-
ceiling height should be a minimum of two meters at the highest point. In warmer 
climates, adjacent shaded external space can be used for food preparation and 
cooking.  
4.8.3   Standards concerning warm and humid climates (The Sphere Project, 2011, 
pp.260) 
    Shelters should be oriented and designed to maximise ventilation and minimise 
entry of direct sunlight. The roof should have a reasonable slope for rainwater 
drainage with large overhangs except in locations vulnerable to high winds. The 
construction of the shelter should be lightweight, as low thermal capacity is 
required. Adequate surface water drainage should be ensured around the shelter 
together with the use of raised floors to minimise the risk of water entering the 
covered area. 
4.8.4   Standards concerning ventilation and vector control (The Sphere Project, 
2011, pp.261) 
    Adequate ventilation should be provided within individual household shelters 
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Chapter 5   Methodology 
This dissertation focuses upon a design project for a warm climate emergency 
shelter that will be address to the needs existing after floods, typhoons and 
tsunamis. This chapter explains the methodology for the definition of the brief for 
the design project and the development of a design. 
 
5.1   Design process  
According to Fotiadis, S. (2003) the design process is an iterative process that 
consists of some distinct and continuous steps. The use of prior knowledge is 
required. Critical thinking is highly important for the success of the design project. 
Initiatives are essential in order for decisions to be made. Research and literature 
support are necessary throughout the process. The collection of research data is 
needed in order to evaluate continuously the design solutions. The users and their 
needs must be identified and the context in which the users will interact with the 
product must be specified. 
The design process consists of successive steps that guide the process from the 
vague to the more specific. It has two main phases. The first phase is the Research 
and Analysis phase and the second is the Implementation phase. The first phase is a 
theoretical and analytical process in which the design parameters are specified. The 
problematic area is identified and design goals are determined. The second phase is 
a practical and synthetic process in which solutions are given through drawings. 
These drawings are developed and continuously evaluated. Both phases are 
characterised by the design guidelines. These guidelines show the design objectives. 
They have to be listed and organized. 
 
5.2   Research and Analysis  
5.2.1   Final project description 
The final project description is an organized set of information that identifies and 
defines the problematic area as it has been formed through the research and 
analysis phase. 
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The final project description includes the definition of: 
• The characteristics of the users  
• The context in which they will interact with the product 
• The actions of the users  
• Features of the product to be designed 
User characteristics: 
It includes the characteristics that define the users. If the product is addressed to 
many different users, all these groups must be analysed. 
Context characteristics: 
It is anything that surrounds the user and the product and influences their 
relationship. It, also, includes the way that the product is going to be used. 
Actions description: 
It is how the user is going to interact with the product and what the user would like 
to do with the product to be designed. 
Brief Project Description: 
It contains information that defines the uniqueness of the product and specifies the 
characteristics which distinguish it from other competing products. 
5.3   Design guidelines 
Design Guidelines are a complete description of all design parameters, 
characteristics, operational requirements and restrictions, hierarchically categorized, 
according to their significance. This affects the design strategy and is required in 
making decisions and the evaluation of the concepts and of the final design. 
It is essential for a complete and successful compilation of Guidelines to explore, 
identify, and analyse the problematic area and finalize the project. Aesthetics, 
symbolisms and the unique relationships between the user and the object must be 
identified. 
Design Guidelines are constantly used throughout the Implementation phase to 
evaluate and justify the design choices made. One of the hardest tasks while 
compiling the Guidelines is the degree of restrictions given by each Guideline, and 
they must be documented by the research data found during the Research and 
Analysis phase. 
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The hierarchy of all Design Guidelines together, in terms of their significance is 
important for evaluating the concepts, even if the categorization was different while 
compiling them. 
During the implementation it is common for different guidelines to conflict each 
other, since the design process constantly compensates conflicting objectives. The 
hierarchy is a key element in resolving such conflicts. Projects may consist of the 
same guidelines, but because of the different hierarchy they are evaluated with 
different criteria. 
5.4   Implementation 
5.4.1   Ideation    
The ideation is the first stage of the implementation phase, during which the 
designer generates creative solutions to achieve objectives he has set. The goals that 
have been set during the first phase of research and analysis are implemented to 
design ideas.  
The design guidelines are the basis of this stage since they contain all prior goals that 
were set by the conclusions of the research and analysis phase, organized in terms of 
importance. The designer will deal with each guideline separately. 
5.4.2   Synthesis 
After evaluating the solutions, that meet the guidelines previously set, the designer 
composes them to a complete product. 
These are the concepts. Completed are the concepts that meet all design guidelines, 
whether they are creative or evaluative and hence solve the design problem as a 
whole. 
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5.5   Main activities of the design process 
It is concluded that in the design process four activities form the main cycle of work 
(UXPA, n.d.): 
1. Specify the context of use - Form a scenario 
Identify the people who will use the product, what they will use it for, and 
under what conditions they will use it. 
2. Specify needs and guidelines 
Identify user goals that must be met for the product to be successful. Specify 
the user needs and design guidelines. 
3. Create design solutions 
This part of the process may be done in stages, building from a rough concept 
to a complete design. 
4. Evaluate designs 
The most important part of this process is evaluation - ideally through 
usability testing with actual users. 
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Chapter 6   Design brief 
   In this chapter, the design brief is described in detail. The brief is derived from the 
methodology of the previous chapter. A scenario is formed, benchmarking of current 
shelters is done, a moodboard of the disaster situation is presented, needs of 
affected people are identified and guidelines that will lead to the final design are 
created.  
 
6.1   Scenario 
   The shelter to be designed is addressed to people affected from disasters such as 
floods, typhoons and tsunamis. These disasters contain the element of water. 
Current shelters do not protect people adequately from water and mud that exist in 
these situations. The shelter to be designed must be ideal in providing 
accommodation after these disasters. In addition, the shelter has to be able to be 
used more than three weeks. This requirement exists because the emergency phase 
rarely lasts up to three weeks as it should. Sometimes, it may last months. So, the 
shelter to be designed has to fulfill the needs of affected people as long as the 
emergency phase lasts. 
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6.2   Benchmarking of current shelters 
Benchmarking of current shelters shows how does the aid community manage the 
emergency phase and the accommodation of the affected population. 
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6.3   Moodboard  
The moodboard shows the condition that exists after floods, hurricanes or tsunamis 
have occurred. 
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6.4   Need identification 
   The accurate assessment of survivor’s needs is more important than a detailed 
assessment of damage to houses and property. Partial or in accurate assessments of 
human needs by assisting groups have been a frequent cause of past failure of relief 
efforts (UNDRO, 1982, pp.3). 
   Needs are different every time depending on the nature and the scale of the 
natural disaster, the problems it causes, the number of people displaced, the local 
environment, the climatic conditions and the political situation. But, there are some 
needs that exist every time. 
   Everyone has the right to quick and adequate housing. This includes the right to 
live in security, peace and dignity, with security of tenure, as well as protection from 
forced eviction and the right to restitution. 
   ‘People must have sufficient covered living space providing thermal comfort, fresh 
air and protection from the climate ensuring their privacy, safety and health and 
enabling essential household and livelihood activities to be undertaken’ (The Sphere 
Project, 2011, pp.243). Table 2 shows the needs that usually exist after a natural 
disaster. 
Table 2.  Existing needs  
Immediate shelter for sleeping and storage of belongings 
Protection from weather conditions 
Security against violence 
Privacy for personal and group needs 
Maintenance of  health and dignity 
Provision of non-food items such as water for washing and light 
A place for basic household activities  
 
   ‘In cases where there is risk of climate exposure, the provision of imported shelter 
often receives a fairly high priority’ (UNDRO, 1982, pp.27). Shelters made of local 
materials are not effective after a natural disaster. ‘Emergency shelters made of local 
materials are necessary in refugee camps resulting from war and civil strife’ (UNDRO, 
1982, pp.28). 
   Tents used as emergency response have often turned into long-term response, not 
fulfilling the needs of displaced people. New and less conventional approaches to 
emergency shelter provision after disaster are in need. ‘There has been a general 
quest for a universally applicable emergency shelter to meet the shelter needs’ 
(UNDRO, 1982, pp.27). 
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6.5   Design guidelines  
 
   Relief agencies normally standardize the size or form their emergency shelters for 
easy of production and packing. This approach greatly oversimplifies the problem. 
‘The concept of a “universal or standard shelter” is not feasible’ (UNDRO, 1982, pp. 
25). The goal of this dissertation is to provide a shelter to be used after floods, 
typhoons and tsunamis in warm climates. The design of a tent as an emergency 
shelter will not be examined. The reason is because according to after disaster 
assessments it has been proven that the emergency phase eventually lasts longer 
than it should. So, a long-term emergency response should be considered. In 
addition, a tent is not an appropriate solution for areas where the soil is moist. 
   To ensure the fulfillment of affected people’s need in shelter programs and to 
foster accountability, all disaster response interventions must seek compliance with 
provisions in globally-recognized standards, including, but not limited to, the Code of 
Conduct for the International Red Cross/Red Crescent Movement and NGO’s in 
Disaster Relief, the Humanitarian Chapter and Minimum Standards in Humanitarian 
Response (SHPERE). 
   The UNHCR guidelines state that the shelter has three key aims: (1) to provide 
protection from the elements, (2) security against violence and (3) privacy for 
personal and group needs (1999 in Manfield, 2000, pp.23). 
 
   The minimum requirements of an emergency shelter are protection from wind, 
rain, freezing temperatures and direct sunlight. The minimum shelter area is 
3.5m2/person and the minimum total site area is 30.0m2/person. 
 
   The design of the shelter should take into account logistic, physical, social and 
medical parameters.  
 Logistic: packing, weight, repairs kit, maintenance, cost, transportation, 
delivery time, stock. 
 Physical: surface, volume, compactness, stability, durability, materials, 
fasteners elements, impermeability, ventilation, comfort temperature, colors, 
luminosity, shade, meteorological aspects, environmental interactions. 
 Social: buidability, adaptability, modularity, flexibility, grouping, intimacy, 
dignity, ethical, moral. 
 Medical: propagation, diseases vectors. 
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   Floods and typhoons occur in warm and humid places where the weather 
conditions are mostly humidity, rain, sun and wind. So, the guidelines that should be 
followed according to the weather conditions, the previous parameters of the Red 
Cross, the Sphere project parameters and the needs identified are the following: 
 
Table 3.  Design guidelines 
 
1 Each person should have approximately 3.5m^2 covered space. It is the 
minimum space according to standards but it should not be much exceeded.  
2 The shelter should provide a sleeping space, a space to store belongings and a 
place for essential household and livelihood activities. 
3 The shelter should be durable and strong enough in order to provide security 
against violence. 
4 The shelter should protect from weather conditions such as rain, humidity, 
direct sunlight, heat, wind.  
5 The shelter should protect from mosquitos.  
6 The shelter should be easy to set up.  
7 The shelter should be able to provide an amount of water when rains occur. 
8 The shelter should provide electricity for light and charging needed gadgets.   
9 The shelter should promote human dignity and maintain people’s health and 
privacy. 
10 The shelter should be well-ventilated and it should provide fresh air. 
11 The shelter should be able to expand in order to accommodate as many persons 
as a family may have. 
12 The shelter should be easy to transport.  
13 The shelter should be easy to be stored when it is not needed. 
14 The shelter should be light weighted. 
15 The shelter should be reusable or recyclable.  
 
 
 
 
 
 
 
 
49 
 
Diagrams presenting information needed for the design 
   Diagrams presenting the difference in the temperature during the year in hot and 
dry, in hot and humid climates and in temperate climates are shown below in order 
to understand the difference in existing temperatures in each case. 
 
 
Figure 5.  Temperature in different climates (Virgo, V., 2011, pp.3) 
 
   Pictures presenting a rough design of how shelters in hot and dry, in hot and humid 
climates and in temperate climates should be are shown below in order to 
understand that the design should be different in each case. 
 
 
Figure 6.  Appropriate design systems in different climates (Virgo, V., 2011, pp.3) 
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Chapter 7   Concept development 
  In this chapter, the concept of the shelter is developed and described. 
 
7.1   Initial sketches 
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7.2   Final concept description 
 
  Physalis 
   The shelter consists of a double-skinned shell made of flax and bio-resins. The 
monocoque body is very strong and supports the load, similar to an eggshell, 
eliminating the need for a frame and body panels. This shell protects the inhabitant 
from weather conditions such as rain and wind and heat. The material used is strong, 
water resistant and UV resistant. Insulation exists between the two walls of the shell 
in order to protect the inhabitants from heat. 
 
 
    Figure 7.   Perspective drawing of the shelter 
 
   The shelter is made to host 2 people. It has two beds, a desk, a counter which can 
be used also as a table, two seats, a sink which utilizes rain water collected from the 
top of the shell, three large closed storage spaces, various smaller open storage 
spaces and Led lights for illumination. The seats are placed into the recessions 
existing on the vertical side of the counter whenever is needed. They can be stored 
in the storage space that exists in the counter.  
53 
 
                          
    Figure 8.   Plan of the shelter 
   The shelter has many storage spaces. Some of them are open (shelves) and some 
are closed (cupboards). Two of the large closed storage spaces are on the upper part 
of the shell and the third large closed storage space is under the bed. Users can store 
their belongings wherever they want. Two inflatable mattresses, blankets, drinking 
water and a solar powered torch can be provided and stored under the bed. The 
mattresses are inflated by the inhabitants in order to place them on the beds and 
sleep more comfortable. The second bed is reached by the help of a ladder. Finally, 
the solar panel system consisting by the charge controller, the battery system and 
the inverter are also stored under the bed. The beds are placed on the top of one 
another.  
                   
     Figure 9.   Drawing showing where the storage spaces are 
 
54 
 
   Ventilation is obtained through the openings that exist on the structure. These 
openings are across each other in order for the air to flow.  
 
   
     Figure 10.   Drawings showing the air flow 
 
   The openings allow, also, sunlight to get in. There are also openings which act as 
windows in order to watch what is happening outside. All the openings are covered 
with a window mesh screen that protects the inhabitants from mosquitos and 
insects. The openings can be opened and closed by inclined panes. An additional 
function of these panes is the adjustment of air flow. 
 
 
       
      
Figure 11.   Drawings showing the insolation 
   On the top of the structure there is a big recess, a canopy, which is used to capture 
rainwater. Rainwater captured on the canopy is funneled into a filtration system. 
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Purified rainwater can then be dispensed to the inhabitant through piping that leads 
to a faucet. 
                                       
     Figure 12.   Drawings showing the rainwater canopy 
    The entire system is powered by the on-board, photovoltaic solar panels. The 
shelter is energy independent with the use of these solar panels. The panels absorb 
sun energy and store it in the battery that is placed under the bed. This energy is 
used to power the Led lights installed on the inner surface of the shell. Also, it can be 
used to power any rechargeable device the user may need. The panels require no 
maintenance, are durable and waterproof even under extreme exposure to UV rays. 
There are holes and paths in various places for the electrical installation and the 
water system to pass through.  
                              
    Figure 13.   Drawings showing the solar panels 
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   The form and shape of the shelter drains the rain water away. The only space that 
holds water rain is on the top of the shelter in order to be used for household 
activities. The floor is raised 15cm in order to protect the structure and the 
inhabitants from rain water that may exist on the area.  
 
   The shelter has two big openings for access which close with doors. Each door is 
divided in two parts and the user can decide which half should be open depending of 
the privacy he or she needs each time. Through the door flows electrochemical fluid 
which can be used to make the door completely transparent or completely opaque. 
 
             
    Figure 14.   Perspective of the shelter showing the variability in transparency of the doors 
 
   The endings on the door are vertical in order to attach exactly to a second part 
(when a second part is needed). In the case of a family consisting of four individuals 
a second smaller shelter can be added to the initial shelter to form a bigger 
structure. 
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Figure 15.   Drawing showing the two shelters joined 
   The second shelter functions as a sleeping space for two individuals. It consists of a 
bed and a storage space under the bed. An additional feature is that the bed folds 
and becomes a couch for users to use when not sleeping. 
 
                                    
    Figure 16.   Plan of the additional part 
 
   Both shelters are ready-made. There is no need of manpower to erect or assembly 
the shelter, thus giving more time to the reconstruction phase. The only prerequisite 
for the shelter to be used is clean land ready to be inhabited. The shelters will be 
transported to the vulnerable region via road transport (trucks) or via air transport 
(helicopters or airplanes). The structures are bulky but relatively light-weighted 
because of the material used (flax and bioresins). 
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   The shelter creates ideal conditions for displaced people to live in as long as 
needed. It is safer than a tent, which is the current way of dealing accommodation 
after disasters and it can be used as a temporary shelter until transitional or 
permanent houses are built or until displaced people can return to their homes. It is 
a shelter that promotes happiness and motivates people to deal with more passion 
everyday issues. These feelings are promoted through the colors used. Green is a 
color that symbolizes nature. It is the color of balance and harmony. Green also 
represents tranquility, good luck and health. It is used for its calming effect and it is 
thought to relieve stress and help heal. In addition, orange focuses people’s minds 
on issues of physical comfort such as warmth and shelter. It promotes the feeling of 
security. Also, orange color stimulates creativity, productivity and optimism.  
   Sustainability has recently become a key issue in the design and manufacture of 
products. So, the whole lifecycle of the manufacturing and maintenance is 
important.  It is easy to manufacture the shelter made by this material. Little energy 
is used for construction, so less dioxide is emitted in the atmosphere. Because of the 
specific material, the shelter is reusable and recyclable after 60 uses. The material is 
not expensive. The only considerable cost will be the construction of the molds 
needed.     
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Chapter 8  Evaluation  
   In this Chapter, an evaluation of the shelter design is performed. Since no actual 
users can test the design, the evaluation is made by the developer of the design 
based on how well the design has followed the guidelines that were developed 
during the design process in order to satisfy user needs. 
   A shelter design was developed trying to fulfill all the guidelines that were specified 
during the design process and following the standards that already exist. A 
monocoque body was designed that provides accommodation to two individuals. It 
provides a sleeping space, storage rooms for their belongings and space for basic 
household and livelihood activities (G.2). This space includes a desk and a counter, 
that can be used as a dinner table or as an area where livelihood activities take place 
(G.2). On this counter, a sink exists which utilizes collected rainwater. It is very useful 
to collect and use rainwater when there are thousands that need clean water either 
for drinking or for basic everyday activities (such as washing their hands). For the 
collection of the rainwater a canopy is designed on the upper part of the shelter 
(G.7). In addition, for the provision of substantial electricity two solar panels are also 
placed on the exterior surface of the shelter. These panels enable users to charge 
gadgets that they will need during the first months of emergency (G.8). 
   The body of the shelter is made of a sustainable material which is very strong. So, 
the whole structure is durable enough to protect its inhabitants from violence as 
well as difficult weather conditions such as rain, wind and heat (G.3, G.4). In order to 
prevent excessive heat from getting in the shelter, insulation exists between the two 
shells that compose the body (G.4). The floor of the shelter is elevated 15cm in order 
to prevent water or mud from getting into the shelter (G.4). 
   The specific material that the shelter is made of, gives the opportunity to the 
shelter to be reused or recycled (G.15). In addition, the material is so light that the 
whole shelter, although it is large, it is light-weighted (G.14). This is very important 
aspect for the transportation and the distribution of the shelter. 
   Another attribute of the shelter is that it promotes health through good ventilation 
(G.10). Openings are strategically placed on the shell. These openings enable air to 
flow through and sun to get in. All the openings have meshes that prevent the 
entrance of mosquitos and other insects which are disease vectors (G.5). 
   Human dignity and privacy are promoted since the shelter is completely closed 
when this is needed (G.9). There are two large doors which are cut in half and act as 
entrances. The user can adjust the transparency of these doors, depending on the 
amount of privacy he or she needs the specific moment. 
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   The shelter is able to expand by the use of an additional smaller shelter. So, a 
larger shelter is formed which can accommodate four adult individuals (G.11). 
   The shelter can be transported via road transport (in trucks) or via air transport (on 
airplanes or helicopters) (G.12). Since it is a ready-made structure, there is no need 
of manpower to erect the shelter (G.7). The shelter is already assembled, thus 
leaving time for other activities to take place. The disadvantage of the specific 
shelter is that it cannot be disassembled in order to be easily stored when it is not 
needed (G.13). Large warehouses will be needed for storing. 
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Chapter 9   Conclusion  
   In this Chapter, the work is summarized, the methods that have been employed 
are mentioned and limitations of the project are defined based on the evaluation 
that has been made. 
   This dissertation began with the hypothesis that shelters are an appropriate 
response but should differentiate according to the nature of the disaster and the 
climate of the affected region.  
   The specific objective of the design project was to design a stand-alone shelter 
system for use in warm climates for countries that are affected from floods, 
typhoons or  tsunamis and will fulfill people’s needs as long as the emergency phase 
lasts. 
   The dissertation began with a review in chapter 1 of the impacts of specific natural 
disasters and the presentation of recent disasters that have affected the planet. In 
chapter 2 the relief supply chain was analyzed and the key players during the relief 
operations were identified in order to understand who is responsible in each phase 
of the relief operations and who is responsible for the provision of shelters. In 
addition, the importance and the functions of a shelter were presented in chapter 3. 
The methodology for the development of the emergency shelter system was 
presented in chapter 4. The design was developed by following a design process in 
which a scenario is formed specifying the context and the users of the product, 
needs of users are identified and design guidelines are developed. These guidelines 
were based on the affected people’s needs, but, also, on logistic, physical, social and 
medical parameters. Minimum standards concerning sheltering, ergonomic and 
morphology principles were taken into account. 
   The proposed shelter is a stand-alone shelter that fulfills all the needs addressed. 
Such needs are protection of weather conditions, protection from violence and 
protection of health. Also, the shelter responds to the need of a long-term shelter. 
Still, it is not a permanent structure which is very important aspect since the main 
goal after a disaster is the reconstruction of real houses.  
   Further investigation could be made in the way that the shelter is packed and 
stored. Research could be made on how this shelter could become modular in order 
to be easier for relief agencies to store and transport. Attention should be given 
because here lays the question whether affected people can assembly such a 
structure. In addition, a prototype of the shelter could be useful in order for actual 
users to test and evaluate the proposed design. The evaluation from people who 
have faced such disasters could identify more clearly the areas which may need 
improvement. Such an evaluation is hard to be done in the level of this dissertation 
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because it needs the manufacturing of several prototypes and their transportation to 
various affected areas in order to be tested by actual users. 
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Appendix 1   Average precipitation and Tropical Storms in North Pacific 
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Appendix 2   Climate map of the Philippines 
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Appendix 3   World climate classification 
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Appendix 4   User-centered design process 
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Appendix 5   Solar panel system 
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